Background: Progression of breast cancer involves both genetic and epigenetic factors. Parkin gene has been identified as a tumor suppressor gene in the pathogenesis of various cancers. Nevertheless, the putative role of Parkin in breast cancer remains largely unknown. Therefore, we evaluated the regulation of Parkin through both genetic and epigenetic mechanisms in breast carcinoma. Method: A total of 156 breast carcinoma and their normal adjacent tissue samples were included for mutational analysis through SSCP, and sequencing. MS-PCR was employed for methylation study whereas Parkin protein expression was evaluated using immunohistochemistry and western blotting. For the survival analysis, Kaplan-Meier curve and Cox's proportional hazard model were used.
Background
Globally, breast cancer is the most fatal malignancy in women and a second major cause of cancer-related deaths among females [1] . In India, the incidence of breast cancer cases has overtaken cervical cancer as the most commonly diagnosed cancer among women, witnessing a rapid rise and more likely to increase in the future [2] .
Parkin (PARK2 or PRKN) gene which spans more than 1.38 Mb is one of the largest human genes maps to chromosome 6q25.2-q27 [3] . Parkin gene lies within FRA6E region, the third most fragile site which is prone to rearrangement and breakage in tumors [3] . Alterations in Parkin, an E3 ubiquitin-protein ligase are mainly associated with Parkinson's disease [4] . Nevertheless, accumulating pieces of evidence have highlighted its tumor-suppressive role in addition to the one-sided view of its ubiquitin ligase activity [4, 5] . Several studies have demonstrated Parkin gene alterations in a wide array of cancers including brain, breast, liver, pancreas, kidney, ovarian, cervical, and colorectal cancer [6] [7] [8] [9] [10] [11] [12] . Numerous groups have reported lack of Parkin expression due to mutation and hypermethylation in a variety of cancers [8, [13] [14] [15] . Besides, down-regulation and copy number loss of the Parkin are common events in pancreatic cancers [11] . Moreover, Parkin is found to regulate energy metabolism namely Warburg effect thereby suppressing tumorigenesis [16] . Recently, Parkin has been suggested as a key player involved in different hallmarks of cancer cell [17] . Amazingly, a functional interplay has been reported between the Parkin and p53, a well-established tumor suppressor [16, 18] . Whereas another study indicated the role of Parkin in the metastasis through interaction with HIF-1α (hypoxia-inducible factor 1α) thus highlighted the pivotal role of Parkin in tumor suppression [19] . Collectively, the aforementioned studies emphasized that downregulation of Parkin may promote cancer however the precise mechanism of Parkin inactivation remains unexplored mainly in breast cancer.
Aberrant promoter methylation is a widespread mechanism in cancer. It is an emerging molecular marker which raises the hopes for the development of novel therapeutics in combating cancer [20, 21] . Recent studies have reported aberrant methylation at Parkin promoter among acute lymphoid leukemia (ALL), chronic granulocytic leukemia (CGL) [15] , nasopharyngeal carcinoma [22] and cervical cancer [9] . Although the precise genetic and epigenetic mechanisms contributing to Parkin loss in breast cancer remain elusive, this prompted us to investigate the possible mechanisms as well as the potential role of Parkin gene in breast cancer.
Methods

Ethical approval
The present study was approved by the Ethics Committee and Institutional Review Board (ECIRB) of Jamia Millia Islamia, New Delhi and Rajiv Gandhi Cancer Institute and Research Centre, New Delhi, India. Each participating patient signed informed written consent.
Tumor specimens and cell lines
The study comprised of 156 pairs of histologically confirmed breast carcinoma and their adjacent normal tissue samples (without any tumor cell infiltration) from sporadic breast cancer patients undergoing biopsies at Rajiv Gandhi Cancer Research Institute and Research Centre, New Delhi, from 2013 to 2017. After surgery, all samples were instantly put in liquid nitrogen and kept in − 80°C until further use. Clinicopathological parameters of the breast cancer patients were obtained from the hospital database (Additional file 1: Table S1 ). The exclusion criteria for the study were metastasized cases from other organs, cases having a prior history of any cancer and prior exposure to chemotherapy and radiation. Three breast cancer cell lines; MCF-7, MDA-MB-231, MDA-MB-468, and one normal HEK-293 (Human embryonic kidney) cells were procured from National Centre for Cell Sciences (NCCS) Pune, India. The cells were grown as a monolayer culture in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum (Gibco, Thermoscientific, South American origin) and antibiotics (100 U penicillin and, 100 mg L −1 streptomycin) at 37°C in a humidified atmosphere of 5% CO 2 and were subcultured twice a week [23] . Stock culture of the cell lines was maintained in the exponential growth phase by passaging as monolayer culture, the dislodged cells were suspended and reseeded routinely in complete medium.
Nucleic acid extraction
Genomic DNA was extracted using proteinase K/phenol-chloroform protocol from a total of 156 breast cancer (confirmed by a pathologist) and adjacent normal tissues, and also from four cell lines (MCF-7, MDA-MB-231, MDA-MB-468, and HEK-293). Besides, a total RNA was isolated by TRIzol Reagent from cell lines (Invitrogen) according to the manufacturer's instructions.
PCR-SSCP and sequencing
A total of 12 exons were amplified to reveal any somatic mutation of Parkin by single-stranded conformational polymorphism (SSCP). Extracted DNA was used for PCR amplification using primers (Additional file 1: Table S2 ) and amplification conditions as described earlier [9] . The amplified products were visualized by electrophoresis using 2% agarose gel and stained with ethidium bromide. SSCP protocol was followed as mentioned earlier [9] . Samples that demonstrated differences in band-shifts with respect to the wild-type bands were categorized as mutants. To confirm mutations those samples were re-amplified in 40 μL reactions for DNA sequencing using forward and reverse primers. For each sample sequencing was repeated to minimize sequencing artifacts and to confirm mutations. The BLAST tool was employed for pair-wise nucleotide sequence alignment.
TCGA (the Cancer genome atlas) and COSMIC (catalogue of somatic mutations in Cancer) analysis
To analyze the Parkin genetic alterations among breast tumors in TCGA (The Cancer Genome Atlas) we used the cBioPortal database (available at www.cbioportal.org). TCGA (http://cancergenome.nih.gov/) is a publically available reservoir containing 33 types of cancer having more than eleven thousand human tumors with their clinical and molecular phenotypes [24, 25] . The COSMIC (Catalog of Somatic Mutations in Cancer) database (https://cancer.sanger.ac.uk/cosmic) analysis was done to figure out mutations of Parkin (PARK2). Pie charts showing distribution and substitutions of Parkin mutations in breast cancer were obtained.
Oncomine database and UALCAN analysis
Oncomine database was exploited to investigate the mRNA expression of Parkin in breast cancer using the criteria of p-value less than 10 -4 and fold change more than 1.5 [26] . The top 10% of the resulted lists were examined (https://www.oncomine.org/). The Parkin mRNA expression was analyzed in TCGA breast and Compendia cell lines datasets. Moreover, UALCAN tool (http://ualcan.path.uab.edu/index.html) was also used to correlate the clinicopathological parameters among breast cancer in TCGA data.
Bisulphite-modification and MSP (methylation specific polymerase chain reaction) DNA isolated from the tissues was employed in bisulfite modifications by using EZ DNA Methylation-Gold TM kit (Zymo Research, USA) according to manufacturer's instruction. In Parkin promoter region one CpG island (187 bp) was found just before the transcription site through the Methprimer tool (https://www.urogene.org/ methprimer/) (Fig. 1a) . MSP reaction was carried out using the unmethylated and methylated primers in a final volume of 25 μL (Additional file 1: Table S2 ). PCR reaction conditions were, an initial denaturation at 95°C for 5 min, after that 40 cycles of denaturation at 95°C for 45 s, followed by annealing step at 63°C for 35 s, and extension was done at 72°C for 45 s, a last terminating cycle of final extension was carried out at 72°C for 7 min. Commercially available methylated and unmethylated bisulfite converted human genomic DNA (Zymo Research Corp., Orange, CA) were used as positive controls of methylated and unmethylated alleles. As a negative control double distilled water (ddH2O) was used in each PCR reaction. Amplified PCR products were then visualized on 2% agarose gels with 100 bp DNA ladder as a standard reference and photographed using Gel Doc (Bio-Rad laboratories, CA, USA) under UV (ultraviolet) illumination.
5-Aza-2-deoxycytidine treatment
Three breast cancer (i.e. MCF-7, MDA-MB-231, and MD-MB-468) and one non-tumor derived HEK cell lines were seeded at a density of 2 × 10 5 cells into six-well plates. Next day, Iscove's modified Dulbecco's medium containing 10 μmol/L 5-aza-dC (Sigma, USA) was added and changed every 24 h. After 96 h, RNA and DNA were isolated for RT-PCR and MSP analysis respectively.
RT-PCR (reverse transcriptase PCR)
RNA extracted from the cell lines were then used for the synthesis of complementary DNA (cDNA) using iScript™ Reverse Transcription Reagents (Bio-Rad Laboratories, Inc.) and were stored at − 80°C. PCR reaction was carried out in a final volume of 25 μl, using 2 μl of cDNA, 1 U AmpliTaq Gold DNA Polymerase (Applied Biosystems, Foster City, CA) 0.2 mM dNTPs, 1.5 mM MgCl2, and 20 pmol of primers as listed in Additional file 1: Table S2 . PCR conditions were, an initiation of 94°C for 10 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 58°C for 45 s and 7 min extension at 72°C followed by a final extension of 10 min at 72°C. Additionally, in each reaction, a set of primers specific for the GAPDH gene (Applied Biosystems) was included as an internal control. Amplified aliquots were then visualized on 2.0% agarose gels. For semi-quantitative analysis, Quantity One v 4.4.0 software (Bio-Rad, USA) was used.
Immunohistochemistry (IHC)
Immunohistochemical staining was carried out on formalin-fixed paraffin-embedded tissue blocks of each sample. The 3-4 μm thin tissue sections were then taken on Poly-L-lysine coated slides. The protocol was followed as described previously [9] . The slides were incubated in a humidified chamber with 1:100 dilution of anti-PARK-2 antibody (cat #ab15954, Abcam) at 4°C for 24 h. After washing with PBS thrice, slides were next incubated with biotinylated secondary antibody and with an avidin-horseradish peroxidase for 25-30 min. To visualize antigen-antibody reaction 3, 3′-diaminobenzidine (DAB) substrate (DAB substrate kit, Vector Laboratories) was added followed by a counterstaining with hematoxylin dye. Normal adjacent breast tissues were used as positive controls.
Staining interpretation
Stained slides were evaluated by two expert histopathologists at 100X and 400X magnifications under the light microscope. At least three tissue cores from each case were evaluated. The staining < 5% was considered as negative expression and more than 5% were measured as positive.
Western blotting
Protein was extracted from the breast cancer cell lines and tissues with a RIPA lysis buffer (150 mM NaCl, 1% sodium deoxycholate, 1% Triton X-100, 0.1% SDS, 50mMTris_HCl, pH 7.5/2mMEDTA) and was quantified by using the BCA kit (Pierce). Samples of 40 μg of protein were loaded per well in SDS-PAGE followed by transfer onto nitrocellulose membranes (Bio-Rad). Nonspecific binding was blocked using 5% bovine serum albumin (BSA) containing 0.05% Tween-20 for 1 h. Subsequently, incubation with primary antibodies, anti-PARK-2 (1:1000; cat #ab15954, Abcam) and GAPDH (1:1000 dilution; Santa Cruz Biotechnology) was done at 4°C for overnight. Following washing with PBST (phosphate-buffered saline with Tween 20), membranes were re-incubated with secondary antibody conjugated with horseradish peroxidase (HRP) anti-rabbit for PARK-2 and anti-mouse for GAPDH for 2 h at room temperature. The bands were then developed in the darkroom on photographic films through luminol method [27] . The Western GAPDH was amplified as an internal control. f Methylation-specific PCR of Parkin promoter in breast cancer cell lines MCF-7, MD-M231 & MD-M468 before (i) and after (ii) 5-aza-dC treatment. HEK was used as a positive control. PC-Positive control totally methylated and unmethylated bisulfite converted human genomic DNA blots were quantified by densitometry analysis using ImageJ software 1.46r version.
Statistical analysis
All Statistical evaluations of data were done through the SPSS (Statistical Package for the Social Sciences), version 17.0 for the window. Fisher's exact test was used for all the comparisons to evaluate the statistical significance with P values < 0.05 and the confidence intervals were quoted at 95% level. Overall survival (OS) was analyzed from the date of surgery to date of the event. Besides, Univariate analysis of time to death (as a result of cancer) was done using the Kaplan-Meier method, and the log-rank test was used to compare the survival times. Univariate and multivariate analysis of the prognostic factors were examined by Cox's proportional hazard model to identify independent variables predictive of OS. The P value < 0.05 was considered statistically significant for all methods.
Results
Mutational analysis of Parkin gene
In the mutational analysis, we found that only 5.7% (9/ 156) breast cancer cases have somatic mutations in exon 2 and exon 4 of Parkin gene (Fig. 2d & e) , the same were absent in the normal adjacent tissues. Out of these nine cases, six samples demonstrated A to G transition at nucleotide position 235 leading to conversion of glutamine to arginine at codon 34 in exon 2, while other three samples showed the transition of G to A at nucleotide position 634 leading to conversion of serine to asparagine at codon 167 in exon 4 (Additional file 1: Table S3 , Fig. 2a-e) . We for the first time reported these two novel somatic mutations; Glu34Arg and Ser167Asp, which were not found in the available list of COSMIC (Additional file 2: Figure S2 ). Markedly, all mutated cases coincided with the loss of Parkin protein, although we did not find any significant association of these mutations (p > 0.05). Our result is consistent with the TCGA data (cBioPortal: http://www. cbioportal.org/) and COSMIC databases showing that the mutation frequency of Parkin is very low (2.3%) in breast cancer (Additional file 2: Figures S1, S2 and S3 ).
Parkin protein expression is frequently absent in breast tumors
Immunohistochemical study showed predominant cytoplasmic expression of Parkin protein in normal breast tissues (Fig. 3a) . The IHC results revealed Parkin protein to be frequently absent in 68% (106/156) cases (Fig. 3a  (i), (ii) & (iii) ). Interestingly, results of western blot were found to be very well corroborated for the Parkin protein expression where we also found a lower level of Parkin protein in cancer tissues in contrast to normal tissues (Fig. 3c  & d) . Oncomine study demonstrated that expression of Parkin mRNA is low in different breast cancer types in comparison to normal tissues (Fig. 4a-c) . Figure S4 ). Fig. 1b; (i) and (ii) ). Interestingly, we found a strong correlation between the Parkin methylation and Parkin loss (p = 0.0001). The results showed that methylation frequency coincided with the lower expression of Parkin protein, as evident in 82% (69/84) cases (Table 1) .
Parkin promoter methylation and loss of Parkin expression (Fig. 1e) . Additionally, these cell lines were then treated with 5-aza-dC, a demethylating agent. Following the treatment, restoration of Parkin mRNA expression was witnessed in MCF-7 cells while MDA-MB-231 & MDA-MB-468 cell lines showed relatively increased expression (Fig. 3e) . Furthermore, to confirm the result MSP was performed and found only unmethylated bands for all the cell lines (Fig. 3f (i) & (ii) ).
Correlation of Parkin protein expression with clinicopathological parameters and patient survival
While finding the statistical correlation of Parkin protein expression with clinical parameters of the patients, we Table 2) (Fig. 3e (i), (ii) & (iii) ). While examining the TCGA breast dataset using UALCAN tool, we speculated that the expression of Parkin mRNA is significantly correlated with the TNBC cases as revealed by our data. On contrary, TCGA data also demonstrated a significant association between the Parkin mRNA expression and Her2 positivity which we failed to get in our study that might be due to differences in population or sample size. Furthermore, Kaplan-Meier survival curve demonstrated that Parkin positive expression has a better mean survival time of 58.2 months than the negative expression 46.6 months (p = 0.0001) (Fig. 3b) . In a stratified univariate analysis, the prognostic value of Parkin expression became even more pronounced for OS along with the clinical stage, histological grade and lymph node thereby chosen as the factors to be included in the same Cox regression model. A multivariate (Table 3) .
Correlation of Parkin methylation with clinicopathological parameters and patient survival
In the descriptive analysis, Parkin promoter methylation was correlated with different clinicopathological variables of breast cancer patients. We observed a significant correlation of Parkin methylation with the histological grade (p = 0.007) and Her-2 status (p = 0.001) ( Fig. 1d ; (i) & (ii)) ( (Table 5 ).
Discussion
The expression of Parkin gene is frequently downregulated in a wide spectrum of tumors and cancer cell lines [4] , while exogenous expression of Parkin protein inhibits cell proliferation and tumor growth in breast cancer [12] . Furthermore, the break at the Parkin gene/ FRA6E site have been linked with poor overall survival in breast carcinoma [28] . However, the molecular mechanism by which Parkin expression is down-regulated in tumors remains unclear. This was an important breakthrough for further investigations in the regulatory mechanism of Parkin gene expression and its pivotal contribution in the prognosis of breast cancer. Loss of Parkin expression in a cell could persuade growth-promoting effect as a result of the failure of proapoptotic and cell cycle-suppressive regulations [29] [30] [31] . Our study indicated that in breast cancer, expression of Parkin was significantly lower/absent which confirms the results of earlier studies [4, 7-10, 28, 32] . Interestingly, unlike the previous study [28] , we found a significant correlation of Parkin loss with the poorly/ moderately differentiated grade of breast cancer, which highlights its relevance to breast carcinoma. We also found a statistically significant link between Parkin down-regulation and increased lymph node metastasis. This link suggests that Parkin gene has a metastasis suppressive role that is essential to prevent malignant progression in breast cancer as proposed by an earlier study in case of pancreatic cancer [11] . A previous report demonstrated no link between the Parkin expression and breast cancer subtypes [19] . In our study, we, however, found that the absence of Parkin expression appears to have a more profound significance in TNBC (Triplenegative breast cancer) cases which was also supported by the TCGA data. Another study has reported a short metastasis-free survival of patients with Parkin break but not with the loss of Parkin expression [28] . Our study, in contrast, demonstrates that a low Parkin expression is linked with a worse prognosis of breast cancer. Thus, in the present study reduced expression of Parkin and its correlation with an aggressive subtype like TNBC suggests a tumor-suppressive function of Parkin.
Reports have demonstrated somatic mutations and intragenic deletions of Parkin in colon cancer, glioblastoma, in addition to lung cancer [5] . Remarkably, Parkin mutations sometimes occur in the same domains or even at the same amino acids in cancer, which, when found in germline, causes neurodegeneration [5] . Here, we reported two novel somatic mutations/variants of Parkin; Q34R (exon 2) and S167 N (exon 4) which were absent in normal breast tissues. Interestingly, the mutation Q34R lies in the UBL (ubiquitin-like region) domain that is involved in substrate ubiquitination [33, 34] . The variant S167 N was found to be situated in the RING0 domain, that plays a crucial role in Parkin inactivation [35] . The mutation Q34R has been reported yet, neither in cancer nor in PD while the status of S167 N variant does not have any known significance in case of Parkinson's disease [36, 37] . Hence, it is possible to hypothesize that variant S167 N in Parkinson's disease could be included in those genotypes which may influence the occurrence of Parkin somatic mutations at the same residue in cancer as indicated by an earlier study [5] . Notably, all mutated cases coincided with the loss of Parkin protein, however, we failed to get any significant association of these mutations. This observation indicates that Parkin mutation is a rare and not a predetermining factor for breast cancer as reported by an earlier study [38] .
Addressing the molecular cause for Parkin loss, next we focused on its promoter methylation. It is reported that the Parkin promoter sequence contains distinct CpG islands that are frequently methylated in other cancers [15, 22] . As far as the authors are aware, we provide the first evidence that promoter methylation is a major event for the Parkin inactivation in breast cancer. To validate our hypothesis that Parkin is epigenetically regulated, we have further shown that the treatment of 5′-azacytidine, a methyltransferase inhibitor restores Parkin mRNA expression in different breast cancer cell lines. In this context, methylation at the Parkin promoter should not be viewed as a surrogate biomarker for the loss of Parkin but as a frequently identifiable attribute of breast cancer. Another substantial finding of the present study is that both Parkin promoter methylation and its expressional loss are associated with the advanced histological grade in breast cancer. Thus indicating towards a predominant link of methylation-mediated Parkin loss with poor pathophenotype in Indian breast cancer patients. We also observed that Parkin methylation but not its expression is linked with Her-2 positivity. The observed disparity in correlations provides a hint that Parkin methylation might be an early event with more therapeutic options whereas; Parkin loss may involve some other mechanisms besides the methylation, like transcriptional regulation. The clinical significance of molecular markers and their correlation with survival may carry a more favorable prognosis and increased chemotherapy sensitivity. Remarkably, in the present study, multivariate analysis indicated that the Parkin expression and methylation both are independent prognostic molecular markers of OS in breast cancer patients. Our results also illustrated that breast cancer patients with Parkin methylation exhibited poor overall survival while those with Parkin positive expression having a better 5-year patient survival.
Conclusions
In conclusion, we demonstrated that the breast cancer patients have a hugely varied course for the regulation of Parkin expression, where promoter methylation seems to play a major role while Parkin mutation otherwise may have a somewhat little contribution. The low frequency of two mutations in the studied samples indicates that these might be passenger mutations although their damaging effect cannot be overruled. This study also speculates that Parkin methylation may have a negative prognostic effect on breast cancer. Moreover, our results also strongly support the notion that Parkin expression is a potential prognostic factor for advanced and triple-negative breast cancer and can be used as a biomarker. However, investigation of Parkin status with more attention towards the molecular subtypes like TNBC, which has a relatively worse prognosis and currently lacks sufficient attention, is warranted.
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